Introduction
Uterine fibroids are the most common female pelvic tumors, typically reported to occur in 20%-40% of women of reproductive age. Nearly half of women with fibroids have significant symptoms such as heavy menstrual bleeding, menorrhagia, or intolerable pelvic pain. 1 While symptomatic fibroids have been managed traditionally by myomectomy or hysterectomy using laparotomy or laparoscopy, uterine artery embolization (UAE), a minimally invasive vascular radiologic technique, has gradually gained popularity as an alternative to surgery, particularly hysterectomy. 2 There are several advantages of UAE over other treatments including its less invasive nature, established favorable cost profile, and associated rapid recovery with most women being back to work within 2 weeks. 3 Moreover, in various groups of patients, such as those with prior pelvic surgery, including myomectomy, as well as inflammatory conditions, prior radiation therapy, and other interventions, UAE is likely to be a safer option than
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Toda et al surgery. 4 Thus, nowadays, UAE is considered as one of the frontline therapies for uterine fibroids. Indeed, the American College of Obstetrics and Gynecology recently commented that "UAE is a safe and effective option for appropriate selected women who wish to retain their uterus, based on good and consistent scientific evidence". 5 While several randomized clinical trials have established robust evidence for UAE as an alternative to surgery, 6 in these clinical trials, either Tris-acryl gelatin microspheres (TAGMs) (Embosphere; Merit Medical Systems Inc., South Jordan, UT, USA) or nonspherical polyvinyl alcohol (nPVA) particles were used. It was concluded that these agents were preferred for UAE in light of both clinical and imaging outcomes. 7 However, in Japan, these embolic agents were not commercially available until 2014, and gelatin sponge particles cut from sheets or porous gelatin particle (PGP), a roughly calibrated embolic agent made of gelatin sponge, have been used for UAE. 8 While several articles have shown that the outcomes of UAE using gelatin sponge were comparable to those of UAE using other embolic agents, [8] [9] [10] these reports were single-institutional studies, and further accumulation of clinical evidence is warranted. With this in mind, we retrospectively analyzed our 10-year experience of UAE with gelatin sponge particles and PGP and assessed the long-term clinical outcomes alongside a literature review.
Materials and methods Patients
Between January 2003 and December 2013, a total of 60 consecutive premenopausal women underwent UAE using gelatin sponge particles or PGP for symptomatic uterine fibroids. Patients were eligible if they had at least one symptom caused by uterine fibroids, such as menorrhagia, pain, or bulk-related symptoms that were difficult to manage by medication alone; they strongly wished to retain their uterus and avoid surgery, or they had serious comorbidities leading to difficulties in surgery. Exclusion criteria included the following: pregnancy, nursing, or desire for future pregnancy; active inflammatory disease; pelvic malignancy; contraindication to magnetic resonance imaging (MRI); or severe allergy to iodinated contrast media. The tumors were diagnosed as uterine fibroids by transvaginal ultrasound scope or enhanced pelvic MRI by experienced gynecologists. Pap smear was confirmed to be negative in all patients before the procedure. Upper limits on the volume of the uterine fibroids and uterus were not set. All patients were informed of the potential benefits and risks of UAE for uterine fibroids and provided written informed consent for the procedure. Patients' clinical information was obtained by retrospective review of medical records.
Procedures UAE was performed during a short hospital stay, and hospitalization was planned to be a three-night stay after the procedure. Briefly, access to the femoral artery was achieved unilaterally, and an arteriogram using a 4 Fr pigtail catheter was performed to visualize the pelvic vasculature, particularly for the identification of the uterine artery, its origin, and any anatomic variations. Bilateral super-selective catheterization of both uterine arteries was subsequently achieved by the coaxial technique using a 4 Fr Mohri catheter (Hanaco Medical, Saitama, Japan) and a 2.4 Fr microcatheter (Masters HF; Asahi Intecc J-sales, Tokyo, Japan). Embolization was carried out using gelatin sponge particles (Spongel; Astellas, Tokyo, Japan) between 2003 and 2007, and thereafter using PGP (Gelpart; Nippon Kayaku, Tokyo, Japan) as the embolic agent. Gelatin sponge particles were provided in a form of sheet and cut into 1 mm cubes with a scalpel and scissors. PGP was provided in a ready-to-use vial as 1 and 2 mm particles. The procedure was continued until the proximal ascending uterine artery was nearly occluded and the main descending uterine arteries were patent under fluoroscopy. Thereafter, the contralateral uterine artery was similarly embolized. During the study period, one qualified radiologist (KO) performed and supervised these procedures. Peri-and post procedural pain was managed by intravenous infusions of fentanyl citrate using a syringe infusion pump. In all cases, patients were administered prophylactic intravenous antibiotics (cefazolin sodium 1 g) before and 3 hours after the procedure, and a total dosage of 15 mg prochlorperazine was prescribed orally in three separate doses for 4 days.
Follow-up
Patients were routinely followed up at 1, 3, 6, and 12 months after the procedure and were asked to report any adverse events. Gynecological examination and transvaginal ultrasound scopic analysis were performed at each visit to confirm the presence of any procedure-related complications. Patients underwent pelvic unenhanced and enhanced MRI before and at 3 and 12 months after UAE. The volume of the dominant fibroid was determined according to the method described by Janik et al, 11 where length was the largest axis and width was the measured at right angle to the length:
In addition, the location of the dominant fibroid and the number of fibroids were recorded. The images obtained from all MRI examinations were interpreted by a qualified independent radiologist. 
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Outcome measurement
An original clinical questionnaire was completed by patients before therapy and at the time of each follow-up (3 and 12 months after UAE) to evaluate changes in fibroid-related symptoms compared with baseline status. This questionnaire comprised assessment of changes in fibroid-related symptoms (general condition, menstruation, pain, and bulk-related complaints), satisfaction with outcome, and recommendation to a friend. Changes in fibroid-related symptoms were classified as follows: markedly improved, moderately improved, slightly improved, unchanged, and worsened compared with preprocedural symptoms. Patient satisfaction with the outcomes was classified as follows: greatly satisfied, moderately satisfied, slightly satisfied, not satisfied, and dissatisfied.
Complications were defined when patients underwent any additional interventions or treatments due to fibroid-related symptoms, including failure of symptom control and development of complication-related symptoms.
Statistical analysis
JMP version 10.0.2 (SAS Institute Inc., Cary, NC, USA) was used for statistical analyses. Differences were analyzed using Student's t-test and were considered statistically significant at P,0.05.
ethical approval
All procedures performed in the study involving human participants were in accordance with the ethical standards of the institutional and/or national research committee and with the 1964 Declaration of Helsinki and its later amendments or comparable ethical standards. This retrospective study was approved by the Ethics Committees of Osaka University Graduate School of Medicine (No 15490). Patient consent was not required for this type of study.
Results
During the study period, 60 women underwent UAE: 29 with gelatin sponge particles and 31 with PGP. Bilateral UAE was technically successful in all patients without any procedural complications. Baseline characteristics of the patients are summarized in Table 1 . Median age was 45 years (range 34-53 years), and median follow-up period was 25.2 months (range 1-116 months). The main symptoms that led to embolization were menorrhagia (n=48), bulk-related symptoms (n=41), and pelvic pain (n=11). Fifty of 60 (83.3%) women had multiple fibroids, and in 50 of 60 (83.3%) patients, intramural fibroids were dominant. There were no significant differences between the patients who underwent UAE with gelatin sponge particles and those with PGP except for the follow-up period.
clinical outcomes
Of the 60 patients who underwent UAE, the follow-up questionnaire responses were available for 56 patients (93.3%) at 12 months after UAE. Questionnaire responses were not available for two patients who were lost to follow-up, and Abbreviations: GSP, gelatin sponge particle; PGP, porous gelatin particle; UAE, uterine artery embolization; OCs, oral contraceptives; GnRH, gonadotropin-releasing hormone; TCR, transcervical resection. (Table 4) . One patient (1.7%) experienced deep venous thrombosis. Five patients (8.3%) showed infection including two patients with fibroid passage, one with tubo-ovarian abscess, one with tubo-ovarian abscess and fibroid passage, and one with endometritis. Two patients experienced fibroid passages in the absence of infection, and two other patients required reintervention due to fibroid regrowth and recurrence of symptoms. In patient 1, deep venous thrombosis was unexpectedly detected by MRI at 1-month follow-up after UAE, and anticoagulation therapy was performed for 7 days. Patient 2 experienced the recurrence of menorrhagia and underwent myomectomy at 19 months after the UAE procedure. Patient 3 experienced the recurrence of menorrhagia 34 months after the UAE, while her fibroids were kept infarcted. Since she was 50 years of age at the time of recurrence, she was treated with gonadotropin-releasing hormone agonist for 6 months until menopause. Two patients with fibroid passage in the absence of infection (patients 4 and 5) underwent transvaginal resection of the extruding fibroid at an outpatient clinic 1 and 1.5 months after the UAE, respectively. Two patients with infectious fibroid passage (patients 6 and 7) underwent transvaginal and hysteroscopic resection of the extruding fibroids, respectively, accompanied by intravenous antibiotic treatment. Patient 8 presented with One opted for hysterectomy (1 month), and one lost to follow-up (1 month).
b Two opted for hysterectomy (1 and 7 months), and two lost to followup (1 and 7 months). Abbreviation: NA, not applicable. 
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Efficacy of UAE using gelatin sponge fever and lower abdominal cramping 48 days after the UAE. She was admitted and initially managed conservatively with intravenous antibiotics (ampicillin-sulbactam and clindamycin). Despite 7 days of antibiotic treatment, she developed uncontrollable lower abdominal pain and decided to undergo hysterectomy. Histopathological examination confirmed an endometritis with left pyosalpinx. She was discharged on postoperative day 10 uneventfully. There were two patients who presented with tubo-ovarian abscess after the UAE as previously reported. 12 Briefly, patient 9 presented with severe abdominal pain and cramping 6 months after UAE. Pelvic computed tomography revealed a bulky necrotic-appearing fibroid and a thick-walled multilocular right adnexal mass that measured 12.5×9.5 cm, suggestive of an abscess. Her blood culture was positive for Bacteroides fragilis infection. Although conservative treatments including intravenous antibiotics and percutaneous drainage were attempted, she finally required total abdominal hysterectomy and right salpingo-oophorectomy. The histopathological examination confirmed a tubo-ovarian abscess of the right fallopian tube and ovary and leiomyoma of the uterine corpus with necrosis. The patient was discharged in good condition on postoperative day 14. Patient 10 presented with a 2-day history of right lower abdominal pain and fever 5 months after UAE. Pelvic computed tomography revealed an enlarged right adnexa that measured 7 cm and wall thickening of the fallopian tube, suggestive of a tubo-ovarian abscess. Under ultrasonography guidance, a percutaneous drainage catheter was placed into the abscess. Streptococcus agalactiae was identified in the brown serous drainage fluid. She was treated with intravenous ampicillin, gentamycin, and clindamycin, and then transitioned to oral sitafloxacin. On hospital day 20, the drainage catheter was removed, and the patient was discharged in good condition.
Discussion
There have been few studies on use of gelatin sponge as an embolic agent for UAE. In the majority of studies regarding UAE for symptomatic fibroids, other embolic agents including TAGMs, spherical PVA, and nPVA have been employed. Herein, we report our experience in 60 patients using gelatin sponge particles or PGP and show a high clinical success rate of 98.0% (49 of 50 patients) with improvement in menorrhagia, 95.7% (45 of 47 patients) with improvement in bulk-related symptoms, 98.2% with increased satisfaction (54 of 55 patients), and 47.8% (95% CI: 39.2-55.8) with good fibroid volume reduction 12 months after the procedure. These symptom-related improvement rates as well as the rate of volume reduction of the dominant fibroid were comparable to those of previous reports using gelatin sponge as summarized in Table 5 . 8, [13] [14] [15] [16] In these reports, the menorrhagia symptoms improved in 89.5% (95% CI: 76.1%-100%) of the patients, and the dominant fibroid volume was reduced by 65.1% (95% CI: 57.7%-72.5%) 12 months after the procedure.
Gelatin sponge, a water-insoluble, hemostatic material prepared from purified gelatin (a nonantigenic protein), has been used for embolization for over 30 years as a biodegradable, intravascular embolic agent in interventional radiology with specific use as a temporary embolic agent in hemorrhage. 6, 14 Since TAGMs, the main embolic agent used in Western countries, were not approved in Japan until 2014, gelatin sponge has been unavoidably used for UAE in Japan. The absorbable nature of gelatin sponge indicates that arteries that were previously occluded with a gelatin sponge could be recanalized within several weeks. However, recanalization has been shown to cause no disadvantage for embolized fibroids, as follow-up enhanced MRI revealed that most fibroids were infarcted and decreased in volume 
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Toda et al without any regrowth, while the blood flow of the intact uterine myometrium was preserved. 17 Moreover, gelatin sponge is much cheaper and more cost-effective than other embolic agents, which might reduce the total cost of UAE procedures. In contrast, the disadvantages of gelatin sponge include its tedious preparation and the variable particle sizes obtained. Gelatin sponge particles are often hand-prepared and cut from sheets of gelatin sponge to make a slurry. PGPs are roughly calibrated agents and have some degree of variability in size distribution compared with other embolic agents. 6 Further, unexpected smaller PGP fragments are present after passing thorough the microcatheter, 6 which could lead to nontargeted ovarian embolization and uterine necrosis. This might result in a more distal occlusion, potentially increasing the risk of end-organ infarction. 18, 19 While several studies have compared various embolic agents for UAE, [20] [21] [22] [23] [24] to our knowledge, only one recent study compared gelatin sponge particles with another embolic agent. 25 In their report, gelatin sponge particles were not shown to be inferior to nPVA particles in terms of improvement of mean bleeding score and rate of volume reduction of the dominant fibroid (60.2%±18.1%) at the 3-month follow-up after UAE, 25 while only 33.4% of the size reduction in the dominant fibroid was seen in our study. However, this study was conducted at a single institution with a relatively small number of patients and short follow-up period. Further research should be encouraged to standardize reporting of technical and clinical outcomes to guide practice.
Regarding adverse events, no angiography-related complications occurred, including allergy to iodinated contrast media, hemorrhage at puncture site, or vascular injury, which have been reported in 1%-3% of cases. 3, 26 Postprocedural complications including fibroid passage, infection, permanent amenorrhea, and deep venous thrombosis were observed in 11 (18.3%) of 60 patients, four of whom had multiple complications. Three of five fibroid passages occurred 1-2 months after UAE, which was consistent with a previous report describing the greatest frequency of fibroid passages within 3 months. 27 The remaining two occurred after 6 and 7 months, respectively, which suggests that fibroid passage can happen at any time after UAE and patients should be warned of this late complication. 28 Of the five infective complications, three (60%) exhibited fibroid passages implying that fibroid passage is part of a spectrum of infections in UAE, as previously reported. 27 Two patients with a history of previous surgery experienced a tubo-ovarian abscess. UAE likely causes ischemia of the fallopian tube that increases the propensity of microbes to ascend the tract easily and cause endothelial damage, leading to a tubo-ovarian abscess. 12 The incidence of infectious complications in the present study was 8.3%, which was a little higher compared to the comprehensive review report (1%-3%). 3 Since the use of gelatin sponge agents has been reported to be associated with infectious complications, this high incidence might not be a negligible disadvantage to use gelatin sponge particles or PGP in the clinical setting. 29 The incidence of permanent amenorrhea after UAE is highly age-dependent, and the reported occurrence of permanent amenorrhea in women whose age is $45 years is 20%-40%, while at ,45 years of age, the occurrence is 0%-3%. 3 In the present study, of the 34 patients aged $45 years, four (11.8%) experienced permanent amenorrhea, which was not experienced in any of the 26 women ,45 years of age. When addressing UAE as an attractive alternative procedure to surgery, further intervention rates must be taken into account. Cumulative rate free from further intervention for either recurrence or complications was 83.7% at 2 years, and 78.4% at 5 years in our study, which appears similar to rates from previous studies that have reported that over a quarter of women required further interventions during a long-term follow-up (5 years) after UAE. [30] [31] [32] [33] 
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There are several limitations to this study. First, this was a nonrandomized retrospective study conducted at a single institution with a limited follow-up period. Second, we assessed the efficacy of UAE with an original questionnaire and were not able to measure established quality-of-life (QOL) scores such as the Uterine Fibroid Symptom QOL questionnaire, Short Form-12, Short Form-36, or the EuroQOL, which may provide a more positive interpretation in the setting of end points for UAE trials.
In conclusion, despite these limitations, our study provides further data in support of greater improvement of fibroid-related symptoms observed in women undergoing UAE with gelatin sponge particles and PGP. To establish the clinical position of these embolic agents on UAE, randomized controlled trials comparing other embolic agents and evaluation of costs are warranted.
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